Introduction
COPD is the third leading cause of death worldwide 1 and the second leading cause of disability-adjusted life-years lost. 2 According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD), COPD is defined by a nonfully reversible airway obstruction expressed as a ratio of the postbronchodilator forced expiratory volume in one second (FEV 1 ) to the forced vital capacity of 0.7.
3 The severity stages of COPD and associated treatments are defined primarily by the patient's FEV 1 as a percentage of the predicted value. However, recent work suggests that FEV 1 is a poor predictor of prognosis and of COPD patients' symptom burden. 4 As a result, in 2011, the GOLD task force introduced a new model for defining the severity of COPD for an individual patient. 3 While the spirometric definition for each stage remains relatively unchanged, increased emphasis was placed on the COPD patients' experiences with specific respiratory symptoms and the number of acute exacerbations they had in the past year. 3 However, although these respiratory symptoms are important, patients with COPD may experience a wider array of nonrespiratory symptoms. 5, 6 To better understand the heterogeneity among patients with COPD, new research has focused on the identification of COPD phenotypes. 7 The intention of this phenotyping is to identify high-risk patients as well as specific characteristics that predict responses to treatment. 8 Most of this clinical phenotyping relied on observational characteristics. 9 However, predefined signs and symptoms of respiratory function (eg, dyspnea, cough, and sputum production) [10] [11] [12] [13] [14] may not provide a complete picture of the patients' experiences with their disease. Therefore, some studies have included an evaluation of other symptoms (eg, anxiety, depression, and fatigue) 15 , 16 and quality of life (QOL) outcomes. 11, 13, 14 Of note, in a recent study, 17 some COPD patients reported up to 14 co-occurring symptoms. These findings suggest that the symptom experience of COPD patients is extremely complex. 18 Based on these initial attempts to identify clinical phenotypes for COPD, recent work used newer analytic techniques (eg, cluster analysis and latent class analysis [LCA] ) that may allow for the identification of subgroups of patients based on their distinct symptom experiences. For example, in one study of patients with severe COPD that used cluster analysis, 16 patients with high levels of symptoms had poorer functional status and worse exercise capacity than those with low levels of symptoms. This approach allowed for the identification of a specific subgroup of patients who needed more aggressive management although all the patients in this study had severe COPD based on the classification system of airflow limitation in COPD. 3 Additional phenotyping studies are needed with more heterogeneous samples of patients with COPD. 19 By including COPD patients with a broader spectrum of disease and using a comprehensive and multidimensional symptom assessment instrument (ie, Memorial Symptom Assessment Scale, MSAS 20 ), the aims of this study were to identify subgroups of COPD patients using LCA based on their distinct symptom experiences and to determine how these subgroups differed in demographic and clinical characteristics and disease-specific QOL outcomes.
Patients and methods

Design, sample, and data collection
In this cross-sectional study, patients were included if they were 18 years of age; were diagnosed with moderate, severe, or very severe COPD according to the classification of airflow limitation in COPD; 3 were able to read and understand Norwegian; and had no cognitive impairments. Patients receiving ongoing treatment for pulmonary infection, disease exacerbation, or cancer were excluded from this study. Patients were recruited from three outpatient clinics and one referral hospital. The study was approved by the Regional Committees for Medical and Health Research Ethics, the Norwegian Directorate of Health, and the privacy ombudsman at Oslo University Hospital. Written informed consent for participation in the study was obtained from all patients.
Demographic and clinical characteristics
At enrollment, patients were asked to complete the study questionnaires and provide information on age, sex, education, marital status, and living arrangements. In addition, patients were asked to rate the severity of their dyspnea using the modified Medical Research Council Dyspnea scale 21, 22 and complete information on comorbidities using the Self-Administered Comorbidity Questionnaire (SCQ-19). 23 The SCQ-19 includes 16 common medical conditions and three optional conditions. For this study, the 19 medical conditions were summed (range 0-19) to obtain the total number of comorbidities.
Research nurses at the different clinics completed information on pulmonary function, body mass index, number of years smoking, and number of years since diagnosis of COPD and reviewed patients' medical records for disease and treatment information. Spirometry was performed according to the guidelines of the European Respiratory Society. 24 Classification of severity of airflow limitation based on postbronchodilator FEV 1 was defined as mild (FEV 1 80% predicted), moderate (FEV 1 50%-79% predicted), severe (FEV 1 30%-49% predicted), or very severe (FEV 1 30% predicted) COPD. 3 Only patients with moderate, severe, and very severe COPD were included in this study. Partial pressure of oxygen in the arterial blood and performance in the 6-minute walk test, 25 as well as the occurrence of chronic bronchitis, emphysema, and number of acute exacerbations (ie, number of prednisolone courses) during the last 12 months, were used as supplementary measures of lung function.
Chronic bronchitis was defined according to the conventional definition (ie, daily productive cough over 3 months in at least two consecutive years). 3 Presence of emphysema 
Memorial symptom assessment scale
The MSAS, 20 which consists of a list of 32 common symptoms, is a self-report questionnaire used to assess the multiple dimensions of a patient's symptom experience during the past week. Patients were asked to indicate whether or not they had each symptom (ie, occurrence). If they experienced the symptom, they were asked to rate its frequency, severity, and distress. In this study, the symptom of "hair loss" was replaced with "weight gain" because hair loss is not a symptom associated with COPD, whereas weight gain is an important symptom to assess in these patients. 26 From the 32 items on the MSAS, three subscale scores were calculated: the psychological subscale (PSYCH), the physical subscale (PHYS), and the global distress index (GDI). 20 The validity and reliability of the MSAS are well established. 20, 27 The MSAS has good psychometric properties in patients with COPD. 5, 28 In this study, the Cronbach's alphas were 0.9 for PSYCH, 0.8 for PHYS, 0.9 for GDI, and 0.9 for the MSAS total score.
st george's respiratory Questionnaire
The St George's Respiratory Questionnaire (SGRQ) 29 was used to evaluate disease-specific QOL. The SGRQ components (ie, symptoms, activity, and impact) and SGRQ total score can range from 0 to 100, with higher scores indicating worse QOL. 30, 31 A change of 4 in the total score is considered a clinically meaningful change. 32, 33 In the current study, the Cronbach's alphas were 0.69 for the symptom component, 0.88 for the activity component, 0.77 for the impact component, and 0.90 for the total score.
statistical analyses
LCA was used to identify subgroups of patients (ie, latent classes) with distinct symptom experiences based on symptom occurrence rates from the MSAS. 34, 35 The symptom dimension of occurrence was chosen because it is easy to use, easier to reproduce in clinical practice, and is a prerequisite to the evaluation of the other dimensions. LCA identifies latent classes based on an observed pattern. 36, 37 To have a sufficient number of patients with each symptom to perform the LCA, the 14 symptoms that occurred in 40% of the patients were used to identify the latent classes.
The final number of latent classes was determined by evaluating the Bayesian Information Criterion, the VuongLo-Mendell-Rubin likelihood ratio test (VLMR) for the K versus K-1 model, and entropy. The model that fits the data best has the lowest Bayesian Information Criterion and a VLMR that shows that the selected solution is better than a solution with one fewer classes. 38 In addition, well-fitting models produce entropy values of 0.80. 39 As is common for this type of analysis, the log-likelihood and Akaike Information Criterion are reported for the interested reader. The LCA was performed using Mplus, Version 7.
36,37,40 Estimation was carried out using robust maximum-likelihood and the expectation-maximization algorithm. 34 After the latent class solution that best fit the data was identified, differences among the latent classes in demographic and clinical characteristics, MSAS subscale and total scores, and QOL outcomes were evaluated using analysis of variance, Kruskal-Wallis analyses, and chi-square analyses using SPSS Version 20 (IBM Corporation, Armonk, NY, USA) and Stata/SE Version 14.1 (StataCorp LP, College Station, TX, USA). A P-value of 0.05 was considered statistically significant. Post hoc contrasts were done using the Bonferroni procedure and evaluated using a corrected P-value of 0.017 (0.05/3 pairwise comparisons).
Results
Patient recruitment and enrollment
A total of 363 patients were asked to participate. Sixteen patients did not meet the inclusion criteria and 55 declined participation. Of the 292 patients enrolled, eight patients withdrew from the study and 17 patients did not return the questionnaires. The final sample consisted of 267 patients (response rate 76.9%).
latent class analysis
Fourteen of the 32 symptoms from the MSAS that occurred in 40% of the patients were used in the LCA. These symptoms were shortness of breath (SOB), lack of energy, feeling drowsy, dry mouth, cough, worrying, pain, feeling bloated, difficulty sleeping, feeling sad, problems with sexual interest or activity, feeling nervous, feeling irritable, and difficulty concentrating.
The fit indices for the candidate models are shown in Table 1 . The three-class solution was selected because the VLMR likelihood ratio test for the K versus K-1 model was significant for the three-class solution, indicating that three classes fit the data better than two classes. In addition, 
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Christensen et al the VLMR was not significant for the four-class solution, indicating that too many classes were extracted. Finally, the four-class solution resulted in many estimation warnings because thresholds had to be fixed at extreme values for seven items due to small class sizes. These findings indicated that the results of the four-class solution were unlikely to generalize to other samples. Thus, using LCA, three subgroups, hereafter termed classes of patients, were identified based on their distinct experiences with the 14 MSAS symptoms (Figure 1 ).
The largest class of patients (n=127; 47.6%), with the highest symptom occurrence rates for both physical (ie, SOB, lack of energy, dry mouth, cough, feeling drowsy, pain, feeling bloated, and problems with sexual interest/activity) and psychological (ie, worrying, feeling sad, feeling nervous, feeling irritable, difficulty concentrating, and difficulty sleeping) symptoms, was named the "high" class. The probability of occurrence for the MSAS symptoms for this class ranged from 0.66 (ie, pain) to 0.98 (ie, worrying).
The second largest class (n=112; 41.9%) was named the "intermediate" class. The probability of occurrence for the MSAS symptoms ranged from 0.14 to 0.93. Apart from SOB (0.93), these patients reported moderate occurrence rates for most of the physical symptoms ( The third class (n=28; 10.5%) was named the "low" class. The probability of occurrence for the MSAS symptoms for this class ranged from 0.00 (ie, dry mouth, feeling nervous, difficulty concentrating, and pain) to 0.30 (ie, SOB). These patients reported low occurrence rates for both the physical and the psychological symptoms.
Differences in demographic and clinical characteristics among the three latent classes
In pairwise comparisons, compared with the "low" class, patients in the "high" class had significantly lower absolute values of FEV 1 but not FEV 1 % of reference values (Table 2) , and they reported a lower level of education. In addition, patients in the "high" class were more likely to be female compared with patients in the "low" and "intermediate" classes. When compared with the "intermediate" class, patients in the "high" class were significantly younger, had smoked for a significantly shorter amount of time, and had a significantly higher number of acute exacerbations during the last 12 months.
Compared with the "low" class, patients in the "intermediate" and "high" classes had a significantly higher number of comorbidities, walked for a significantly shorter distance, reported significantly more dyspnea, and had a significantly higher percentage of patients who had a diagnosis of emphysema or chronic bronchitis.
Differences among the latent classes in treatment for COPD are shown in Table 2 . Of the total sample, only eleven patients used noninvasive ventilator support (ie, five patients in the "intermediate" class and six patients in the "high" class).
Differences in Msas and sgrQ scores among the three latent classes
As shown in Table 3 , significant differences were found among the latent classes in the mean number of symptoms The three-class solution was selected because its VLMR was significant indicating that three classes fit the data better than two classes, and the VLMR was not significant for the four-class solution, indicating that too many classes had been extracted. In addition, the four-class solution resulted in many estimation warnings, because thresholds had to be fixed at extreme values for seven items due to small class sizes. This result indicates that the results for the four-class solution are unlikely to generalize to other samples. VLMR, VuongLo-Mendell-Rubin likelihood ratio test for the K versus K-1 model. For the GDI and PHYS subscale scores, as well as the MSAS total score, the differences among the three latent classes had the same pattern (ie, "high"  "intermediate"  "low"). For the PSYCH subscale score, patients in the "high" class had significantly higher scores compared with patients in the "low" and the "intermediate" classes.
For the SGRQ symptom, activity, and impact component scores, as well as the SGRQ total score, the significant differences among the three latent classes were in the expected direction (ie, "high"  "intermediate"  "low").
rank order of the probability of occurrence of symptoms for the three latent classes Table 4 provides a summary of the rank order of the probability of occurrence of the MSAS symptoms for each of the latent classes. Except for worrying, which had the highest probability of occurrence in the "high" class, SOB and lack of energy were the most common symptoms in all three classes.
Discussion
Because of the significant heterogeneity in the clinical manifestations of the disease, patients with COPD require 
1806
Christensen et al a broad, individualized assessment of their symptom experience. Using LCA, we identified three classes of patients with COPD who had distinct symptom experiences. Although significant differences in the severity stages of COPD as well as in FEV 1 % were found among the latent classes, all the pairwise comparisons were not significant. These findings are interesting as they suggest that more attention should be paid on the assessment of the patient's individual symptom experience as lung function measurements alone may not identify patients who are at greater risk of experiencing a higher symptom burden.
Patients in the "high" class had high occurrence rates for both physical and psychological symptoms and reported an average of 17.6±5.4 symptoms. This number of symptoms was significantly higher than the number reported by the patients in the other two classes, and higher than the eight to 14 symptoms reported in previous studies of patients with moderate 28 to very severe 5, 17 COPD. In addition, this class had the highest scores on all the subscales of the MSAS and SGRQ. These findings are consistent with previous reports in COPD 41 and oncology 42 patients that showed that although symptom burden was associated with some clinical characteristics, patients with a higher symptom burden experience significant decrements in disease-specific QOL. Of note, the significant relationship between symptom burden and disease-specific QOL in this and other studies confirms that the identification of subgroups of patients using LCA provides clinically meaningful information about patients' distinct symptom experiences.
Interestingly, 65% of the patients in the "high" class were women, compared with 45% and 32% in the "intermediate" and "low" classes, respectively. In addition, patients in the "high" class were younger and had a significantly shorter smoking history compared with those in the "intermediate" class. These findings related to age and sex are consistent with a previous report in cancer patients. 43 Although inhaled noxious substances may be more harmful for women than men 44 and younger women may be at higher risk for an early onset of more severe COPD, 45 the reasons for the associations between younger age and female sex and a higher symptom burden are not completely clear. These associations suggest that particular attention should be given to the symptoms reported by younger women with COPD. However, these findings warrant confirmation in future studies.
Moreover, worrying has previously been shown to have a significant impact on the mental health of individuals with COPD. While COPD patients with depression and anxiety are at increased risk for mortality, 46 female patients with COPD are particularly vulnerable to psychological impairment. 47 Notably, in our study, worrying was the most common symptom in the "high" class. Our findings suggest the existence of a subgroup of COPD patients who are particularly troubled by psychological symptoms and highlight the need to identify these patients and treat both their respiratory and psychological symptoms.
Furthermore, the probability of occurrence of the psychological symptoms in the "high" class ranged from 0.67 to 0.98, whereas in the "intermediate" class the probability of occurrence for the same symptoms ranged from 0.14 to 0.33. In the "low" class, only three of the psychological symptoms were reported, and occurrence rates ranged from 0.04 to 0.11. These findings are consistent with the observation that 30% of COPD patients experience symptoms of depression and anxiety. 48 Our observations suggest that treatment options as well as self-management strategies that address worrying and mental health should be considered in these patients.
Compared with patients in the "high" class, patients in the "intermediate" class were older, had a longer smoking history, and had fewer acute exacerbations in the last 12 months. Interestingly, the "intermediate" class showed some similarities with a previously described clinical phenotype of COPD characterized by older age, less severe airflow obstruction, and higher body mass index. 13 In addition, compared with the rank order of the probability rates in the "high" class, the occurrence rates for the psychological symptoms in the "intermediate" class were relatively low. This finding is consistent with population-based studies, [49] [50] [51] as well as with a previous study of oncology patients, 42 that found that older patients tend to report lower occurrence rates for depression and anxiety.
Based on the higher occurrence rates for chronic bronchitis and emphysema, as well as the relatively higher probability of associated respiratory symptoms and relatively low rates of psychological symptoms, the "intermediate" class of COPD patients identified in this study is the class that best corresponds to the "classic" clinical picture of patients with COPD.
In the "low" class, a striking discrepancy was found between the relatively low symptom burden reported and the objective measures of poor pulmonary function. Despite the relatively small number of patients, it is noteworthy that almost 36% of the patients in the "low" class had very severe COPD based on the classification of airflow limitation in COPD. This observation suggests that in some patients measurements of lung function are a poor predictor of symptom burden.
Our findings suggest that the symptom burden of COPD patients is highly heterogeneous, and that a thorough symptom assessment is needed to optimize patients' treatment regimens. However, some limitations warrant consideration. In this study, 46% of the 267 patients had very severe COPD. These patients were recruited primarily from a tertiary referral hospital. Therefore, the number and size of the classes found in this study may not generalize to the general COPD population. An additional limitation may be that the MSAS did not include a number of disease specific symptoms (eg, wheezing, chest pain, and chest pressure). Although previous work recommended the addition of these symptoms, 5 we were able, using the original version of MSAS, 20 to identify these classes of COPD patients with distinct symptom experiences.
Recently, the GOLD classification of COPD was revised to better assess the patient's symptoms by including not only measurements of lung function but also certain respiratory symptoms. The COPD assessment test (CAT) and the Clinical COPD Questionnaire (CCQ) were recommended for a more comprehensive assessment of symptoms. 3 Although our study was not intended to design a new symptom index or scoring system, our observations do suggest that an assessment of psychological symptoms such as worrying, feeling sad, or feeling nervous may be useful in identifying COPD patients with specific care needs.
Conclusion
We identified a subgroup of patients with COPD who have a particularly high burden of both respiratory and psychological symptoms. This group was associated with younger age, higher number of female patients, and a higher frequency of acute exacerbations. Findings from our study highlight the need to perform more comprehensive assessments of both physical and psychological symptoms in order to better identify the individual needs of COPD patients. Future studies need to determine if symptom burden changes over time and whether latent class membership remains consistent or changes as a patient's disease progresses.
